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Abstract 
Study on motion and deposition characteristics of particles in a wind tunnel is important for understanding particle 
transfer in ventilation duct flows. Firstly, polydisperse particles with smaller mean diameter were taken as tracers for 
airflow velocity test in the wind tunnel under ventilation case and airflow velocities were measured by a Particle 
Image Velocimetry (PIV) system. Then, the average velocity contours of the particles with the mean (median) 
diameter of 25μm were determined by the PIV. Next, the relative concentration contours were analyzed for the 
particle phase at the different test sections. Finally, deposition rates of the particles were determined to the various 
surfaces in the wind tunnel. The experimental results indicate that PIV can accurately measure the two-dimensional 
airflow velocities and there is a difference between air and particle phase velocity contours. The smaller the airflow 
velocity is, the weaker the particles follow the airflow is. During the transfer of the polydisperse particles along the 
flow, the stratification of relative concentration of the particles along the height seems to take place. The deposition 
rates of polydisperse particles to the floor are higher than that to the wall and ceiling. For polydisperse particles, the 
mean diameter, size distribution, and spread parameter should have a comprehensive impact on the floor, wall and 
ceiling deposition.  
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1. Introduction 
As airflows of ducts in ventilation systems are usually turbulent, particles loading in the airflows can deposit on 
the interior surfaces of the ducts owing to interactions with this turbulence, by gravitational settling, and by other 
mechanisms. The deposits can reduce the airflow velocity, degrade the performance of the ventilation system and 
cause many problems of indoor air quality (IAQ) [1]. Obtaining airflow velocity and the characteristics of particle 
motion and deposition through experiments is important for understanding particle deposition. At present, an 
advanced measuring velocity method for gas-solid two-phase flow is adopting non-contact optical measuring method 
to measure velocities of the fluid and particles. PIV is a kind of flow measurement technology using optical method 
developed by image processing on the base of flow visualization technique.  It measures the fluid velocities by 
tracing tracer particles. Due to breaking through the limitation of spatial single point measurement technologies [2], 
PIV was directly used in the wind tunnel to measure airflow velocities and study motion features of polydisperse 
particles carried by the airflow at different wind velocities. The main objective is studying transfer characteristics of 
polydisperse particles carried by airflows, and evaluating deposition rates of the particles to the ceiling, wall and 
floor in the wind tunnel at different air velocities. The velocities of the air and particles, and the relative 
concentration contours of particles were measured by the PIV. The difference of the flow velocities between air and 
particle phase was analyzed in the specified experimental sections. The measured velocity contours of air by the PIV 
were compared with the predicted by the numerical simulation. The variation of the relative concentration of particle 
phase with the experimental sections and the transfer feature of particles was explored. In addition, from the 
literatures [1, 3-5], the simulations and experiments on particle deposition mainly focused on monodisperse particles. 
Therefore, the deposition of polydisperse particles were determined at different axial wind velocities and the 
measured deposition rates were compared with that predicted by the simulation. 
2.   Experiment and Numerical Simulation 
2.1. Experiment System 
The wind tunnel is direct blowing closed-end and composed of four sections as shown in Figure 1. The length of 
the experiment section in the wind tunnel is 16.0 m with the cross section of the height 0.6 and width 1.0 m, and the 
wind speed can be changed continuously. The injection method of particles, the PIV test sections and the particle 
sampling sections were designed. Polydisperse talcum powder with density 2650 kg/m3 was chosen as the injection 
particles instead of dust particles in actual ventilation ducts. The particles were injected along the central axial part 
through the opening in the vertical wall in the wind tunnel. The injection direction of particles is opposite to the 
approaching airflow and the injection velocity is relatively small to guarantee the approximate equality between the 
initial velocity of the particles and the airflow. The central axial wind velocities were 3.4 and 8.1 m/s by the 
calculation and design according to the average airflow velocities of 3.0 and 7.0 m/s at the duct from the literature 
[6]. The experimental system is shown in Fig. 1. 
 
Fig.1. Experimental system. 
PIV test section 3 marked with the dotted lines is for measuring velocities of air and particle phase. PIV test 
section 3 plus PIV test sections 1 and 2 is for analyzing the variation of the relative concentration of particle phase. 
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Particle sampling sections 1, 2 and 3 is for collecting deposited particles. The vertical walls and ceilings of the 
experiment sections are made of silica glass with smooth surface, and the flow is in the hydraulic smooth region.  
2.2. PIV Measurement and Data Processing 
The fluid velocity can be obtained by measuring the velocity of the tracer particles with PIV. For PIV test of gas-
solid flow, particles less than 10μm can be used as tracer for measuring the velocity of air phase and coarse particles 
more than 20μm for measuring the velocity of particle phase. Due to two-dimensional PIV, the midsection in the 
floor of PIV test section with the length 2.0 m, width 1.0 m and height 0.6 m shown in Fig. 1 was selected as the 
measuring plane. The airflow (free airflow) velocities with tracer particles less than 10 μm and the velocities of 
particle phase with tracer particles 25μm with median diameter were measured at two central axial wind velocities 
of 3.4 and 8.1 m/s along the vertical direction midsection in the PIV sections 1, 2 and 3. The measured air velocities 
by the PIV were at central axis position of the floor in the PIV test section 3. The relative concentrations of particle 
phase were from PIV test sections 1, 2 and 3. Due to the limitation of CCD capturing region of 150 mm×150 mm of 
the PIV, the distance from the bottom of the wind tunnel to the central axis was obtained by connecting the height 1 
(0-150 mm) and height 2 (150-300 mm) and the velocity contours at the heights 1 and 2 were measured. Because of 
the symmetry, the flow characteristics of air and particle phase at the height from 0 to 300mm can also represent that 
at the whole height. During the experiment, images of 300-600 frames were captured and stored for each operating 
condition. By the batch processing function of the Microvec software, the velocity contours of airflow and particles, 
and relative concentrations of particle phase were obtained.  
2.3. Deposition of Polydisperse Particles 
Size distribution of polydisperse taclum power particles used in the study with the mean (median) diameter of 11, 
14 and 25μm satisfy the Rosin-Rammler formula. The spread parameter (experimental factor) corresponding to the 
particle diameter is respectively 1.167, 0.950 and 0.977. At two central axial wind velocities of 3.4 and 8.1 m/s 
(corresponding average wind velocities of 3.0 and 7.0 m/s), the talcum powder particles were injected into the wind 
tunnel through a particle injector. The mass of deposited particles was determined by Wiping Method [7] 
recommended by Japan Air Duct Cleaning Association. Firstly, deposited particles on the floor, wall and ceiling 
were collected at the designated sampling points in the different sampling sections, and the deposition mass to 
various internal surfaces were weighed to the floor, wall and ceiling in all the sampling sections. Finally, the 
deposition velocities of polydisperse particles were calculated according to the conception of deposition from [3]. 
2.4. Numerical Simulation 
Reynolds stress model (RSM) was applied to solve the Navier–Stokes and continuity equations on a given flow 
domain with appropriate boundary conditions. One-way coupling Lagrangian Eddy lifetime model (discrete phase 
model) combining with models of particle deposition in the flows based on RSM were used to predict particle 
deposition. Drag, lift force, gravity, inertial force and turbulent diffusions were considered. The details can be found 
in [6]. Other conditions for predicating polydisperse particle deposition by Lagrangian simulation were that the 
density of the polydisperse particles consistent with the Rosin-Rammler formula was 2650 kg/m3 equal to that in the 
experimental. 
3.  Results and discussion 
3.1. Average Airflow Velocity Contours 
The average airflow velocity contours obtained by PIV at the height of 0-150 mm and 150-300 mm at spanwise 
central position (z=0.5 m) in the PIV test section 3 are shown in Figs 2 and 3 at the central axial wind velocities of 
3.4 and 8.1m/s corresponding to the average velocities of 3.0 and 7.0 m/s.  
From Fig. 2, while the axial wind velocity was adjusted to 3.4 m/s, the axial wind velocity of tracer particles 
measured by the PIV was 3.2 m/s. In Fig. 3, as the velocity was 8.1m/s, the wind velocity by the PIV was 8.0 m/s. It 
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indicates fine talcum powder as tracer particles can meet measurement requirements of airflow velocity. The 
velocity by PIV has slight error at the axial wind velocity of 3.4 m/s. One reason may be that the ability of particles 
following to airflow is weaker at smaller wind velocity. Another reason may be the test error. For the central axial 
wind velocity of 8.1m/s, tracer particles can follow the flow of airflow.  
          
Fig. 2. (a) average airflow velocity contours at the central axial wind velocity of 3.4m/s at the height of 0-150 mm in the wind tunnel;(b) average 
airflow velocity contours at the central axial wind velocity of 3.4 m/s at the height of 150-300 mm. 
                                        
Fig. 3. (a) average airflow velocity contours at the central axial wind velocity of 8.1m/s at the height of 0-150 mm in the wind tunnel; (b) average 
airflow velocity contours at the central axial wind velocity of 8.1m/s at the height of 150-300 mm. 
3.2. Validation of the Average Velocity Contours 
To validate the airflow velocity contours measured by the PIV, the velocity contours were compared with CFD 
results from [6]. Figures 4a and b show the simulated fluid velocity contours by RSM at the central position along 
the width, i.e. the spanwise distance Z=0.15 m in a ventilation duct with the cross section of 30×30 cm2 at the 
average inlet velocities of 3.0 and 7.0 m/s.  
 
Fig. 4. (a) local velocity field of airflow at spanwise Z=0.15 m at the average inlet velocities of 3 m/s in a ventilation duct; (b) local velocity field 
of airflow at spanwise Z=0.15 m at the average inlet velocities of 7 m/s in a ventilation duct. 
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From Fig. 4(a), the axial wind velocity simulated by RSM is 3.4 m/s at the average inlet velocity 3.0 m/s. In Fig. 
4(b), the central axial wind velocity by RSM is 7.81 m/s at the average inlet velocity 7.0 m/s. The simulation results 
are compared with the velocity contours from Figs 2 and 3. It reflects the consistency of the obtained velocity 
contours by PIV and the simulation results. No complete consistency near the floor should be due to the error of the 
PIV test range. It indicates that PIV can measure two-dimensional airflow velocities.  
3.3. Average Velocity Contours of Particle Phase 
Figs 5 and 6 show the average flow velocity contours of particle phase measured by the PIV within the height 
ranges of 0-150 mm and 150-300 mm at spanwise central position in the PIV test section 3 at the central wind 
velocities of 3.4 and 8.1 m/s in the wind tunnel. Talcum powder particles with the mean diameter 25 μm were taken 
as tracer particles for measuring velocity contours of particle phase.  
 
  
Fig. 5. (a) average velocity contours of particle phase with the mean diameter of 25 μm at the axial wind velocity 3.4 m/s at the height of 0-150 
mm in the wind tunnel; (b) average velocity contours of particle phase with the mean diameter of 25 μm at the axial wind velocity 3.4 m/s at the 
height of 150-300 mm. 
 
Fig. 6. (a) average velocity contours of particle phase with the mean diameter of 25 μm at the axial wind velocity 8.1m/s at the height of 0-150 
mm in the wind tunnel; (b) average velocity contours of particle phase with the mean diameter of 25 μm at the axial wind velocity 8.1m/s at the 
height of 150-300 mm. 
From Figs 5 and 6, the velocities of talcum powder particles with the mean diameter of 25 μm in the PIV test 
section 3 is lower than the airflow velocities represented by the fine tracer particles in the wind tunnel. Comparing 
velocities shown in Fig. 5 with that in Fig. 2, the maximum velocity 2.4 m/s of particle phase is less than the 
maximum air velocity 3.2 m/s. Comparing Fig. 6 with Fig. 3, the maximum velocity 7.4 m/s of particle phase is less 
than the maximum air velocity 8.0 m/s. It illustrates that after the particles have transferred for a section of distance 
from the injection inlet, the particles will not be able to follow closely the flow of air phase. The maximum velocity 
of particles along the flow direction is lower than that of the airflow. The smaller the airflow velocity, the poorer 
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tracing performance of the particles is. However, the slightly large velocity difference between the air and particle 
phase may be due to the test error. 
3.4. Concentration contours of particle phase 
To display the concentration variation of particle phase during the motion with the fluid, the relative 
concentration contours of powder particles with the mean diameter 25 μm are shown in Fig. 7(a), (b) and (c). The 
relative concentration contours of the particles were obtained at the central wind velocity 3.4 m/s within the height 
range of 150-300 mm at the spanwise (width direction) central position (z=0.5 m) in the PIV test sections 1, 2 and 3. 
From Figure 7, there is no especially obvious regularity for the concentration distribution of the particles in the PIV 
test section 1 not far away from the injection inlet. However, it seems to show the middle concentration is higher 
than the surrounding within the height range of 150-300 mm. Slight stratification of particle concentration along the 
height in the PIV test section 2 shows in the middle of the total test section. Obvious concentration stratification 
seems to appear in the PIV test section 3 at the end of the total section. The upper layer concentration of particles 
seems to be low. The concentration in lower layer is relatively higher. It should be that the gravity sedimentation of 
larger particles. The polydisperse particles are composed of particles with different size. After the particles are 
injected into the wind tunnel, when they transfer to the PIV test section 3, larger particles affected by the gravity 
may deviate from the streamline while smaller particles less affected by the gravity may still flow with the fluid. 
During the diffusion and transfer of the particles, the variation trend of particle phase concentration along the flow 
from the PIV test section 1 to 3 occurs. 
 
Fig. 7.  (a) relative concentration contours of particles with the mean diameter 25 μm along the height direction in PIV test section 1 at the axial 
wind velocity 3.4 m/s; (b) relative concentration contours of particles along the height direction in PIV test section 2; (c)  relative concentration 
contours of particles in PIV test section 3. 
3.5  Particle Deposition 
Deposition rates (dimensionless deposition velocities) of the polydisperse particles to the ceiling, wall and floor 
on sampling sections 1, 2 and 3 were quantified at the axial wind velocities of 3.4 and 8.1 m/s. The deposition rates 
by the experiment were compared with that from Lagrangian simulation in a horizontal square duct with the cross 
section of 30×30 cm2 from fully developed turbulent flows. The comparison of the measured ceiling, wall and floor 
deposition rates of polydisperse particle with the mean diameter of 11, 14 and 25 μm in the sampling section 3 is 
shown in Fig. 8 at the axial velocities of 3.4 and 8.1m/s. 
 
Fig. 8. Comparison of the measured deposition rates of the polydisperse particles with the mean diameter of 11, 14 and 25 μm to the ceiling, wall 
and floor in sampling section 3 at 3.4 and 8.1 m/s. 
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Fig.8 indicates deposition rates of polydisperse particles to the floor are all greater than that to the wall and ceiling 
at two different wind velocities of 3.4 and 8.1m/s. In addition, at the same wind velocities, the floor deposition rates 
of particles increase with creasing of mean diameter, while the wall and ceiling deposition rates decrease with 
creasing of mean diameter within the size range of particles in this study. In Fig. 8, the measured the ceiling, wall 
and floor deposition rates at smaller velocity 3.4m/s are all slightly larger than that to the corresponding surface at 
larger velocity 8.1m/s. The real samples of polydisperse particle deposition shown in Figs 9(a) and (b) also validate 
the results from Fig. 8. Figs 9(a) and (b) show the real samples of polydisperse particle deposition with the mean 
diameter 11μm (1250 meshes) at the axial wind velocities 3.4 and 8.1 m/s. Fig. 9(c) shows the deposition situations 
of the particles with the mean diameter 25 μm (400 meshes) to the various surfaces at the axial wind velocity 8.1m/s.    
From Figs 9(a) and (b), particles with the mean diameter 11μm all deposit to the floor, wall and ceiling at the two 
axial wind velocities of 3.4 and 8.1m/s. The deposition amount of the particles to the floor is higher than that to the 
wall and to the ceiling. However, the deposition amount to the ceiling, wall and floor at smaller wind velocity 3.4 
m/s are slightly greater than that to the corresponding internal surface at larger wind velocity 8.1 m/s. However, 
comparing Fig. 9(a) with 9(b), the deposition of the particles with the mean diameter of 11 and 25 μm on the same 
surface is not uniform at 8.1m/s. One reason may be the interaction of particles with turbulent vortex with larger 
intensity may cause non-uniform particle deposition. It need further study. Figs 10(a)-(c) show the comparison of 
the measured deposition rates of polydisperse particles with the mean diameter of 11, 14 and 25μm to the ceiling, 
wall and floor in different sampling sections 1, 2 and 3 at the central axial wind velocity 8.1 m/s with the predicted 
by simulation. 
 
Fig. 9. (a) real deposition of particles with the mean diameter 11 μm at the central axial wind velocity 3.4 m/s (corresponding to the average 
velocity 3 m/s) to the floor, wall and ceiling; (b) real deposition of particles with the mean diameter 11 μm at the central axial wind velocity 8.1 
m/s (corresponding to the average velocity 7 m/s) to the floor, wall and ceiling. 
 
Fig.10. (a) comparison of the deposition rates of polydisperse particles with the mean diameter of 11, 14 and 25 μm in sampling sections 1, 2 and 
3 at the axial wind velocity 8.1 m/s with that predicted by Lagrangian simulation to the ceiling; (b) comparison of the deposition rates of 
polydisperse particles with the mean diameter of 11, 14 and 25 μm in sampling sections 1, 2 and 3 at 8.1 m/s with that predicted to the wall; (c) 
comparison of the deposition rates of polydisperse particles with the mean diameter of 11, 14 and 25 μm in sampling sections 1, 2 and 3 at 8.1 
m/s with that predicted to the floor. 
From Figs 10(a)-(c), the measured dimensionless floor deposition velocities (floor deposition rates) are higher 
than the wall and ceiling deposition rates of the polydisperse particles in different sampling sections at the axial 
wind velocity 8.1 m/s. The polydisperse particle floor deposition rates increase with the mean diameter increase, but 
the wall and ceiling deposition rates decrease with increasing of the mean diameter. It may be that characteristic of 
polydisperse particle size cannot be described only with particle diameter. Polydisperse particle should be 
characterized not only with the mean diameter, but also with size distribution, spread parameter (experimental 
factor), etc. For polydisperse particles, the mean diameter, size distribution, and spread parameter should have a 
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comprehensive impact on the floor, wall and ceiling deposition. For monodisperse particles, diameter size has an 
obvious effect on the internal surface deposition. The comprehensive impact of the factors of polydisperse particles 
on the floor deposition should be similar to that of monodisperse particles. For the wall deposition, it is not 
completely consistent with the characteristic of the first increasing of wall deposition rates of monodisperse particles 
with the diameter increase and then decreasing with the diameter increase shown in the literature [1, 6]. The reason 
should be that deposition of polydisperse particles to wall maybe dominated by drag, lift force, gravity, inertial force, 
and turbulent diffusions, etc. The magnitude and leading role of these forces should be affected by size distribution 
of particles, experimental factor and mean diameter. With the mean diameter increase, the comprehensive effect of 
the integrated forces on the wall deposition weakens within the particle diameter scope in this study at least. For the 
ceiling deposition, due to the influence of various forces on the particles, the larger particles in them scarcely deposit 
on the ceiling. Accordingly, the ceiling deposition rates of polydisperse particle decrease with the mean diameter 
increase. Fig. 10(a) illustrates the predicated polydisperse particle ceiling deposition rates by Lagrangian simulation 
are a little greater than the measured at the velocity of 8.1 m/s. From Fig. 10(b), the predicated wall deposition rates 
are greater than the measured at 8.1 m/s. Fig. 10(c) shows that the measured floor deposition rates in sampling 
section 2 are slightly greater than that in the other two sampling sections. However, the measured floor deposition 
rates in all sections are lower than that predicted at velocity of 8.1m/s. In a word, the measured deposition rate of 
polydisperse particles to the ceiling, wall and floor are lower than that from Lagrangian simulation at larger velocity. 
The larger deposition rates by Lagrangian simulation may be that more complex deposition mechanism of 
polydisperse particles. Actually, the re-suspension of the particles should exist after the particles deposit. 
Nevertheless, in the simulation, re-suspension was not included. Thus, the simulation calculation need further 
improve. 
4.  Conclusions 
The obtained velocity contours of airflow through PIV agree well with the simulation results. The maximum 
velocity of particles with the mean diameter 25 μm along the flow direction is lower than that of the airflow. The 
smaller the airflow velocity is, the weaker is the follow ability of particles. In the course of transfer of the 
polydisperse particles along the flow at different wind velocities, stratification of particle concentration along the 
height seems to take place. The upper layer concentration is lower, whereas the substrate concentration is relatively 
higher. For a complete understanding of particle motion in flows, more experiments and simulations still need. The 
experiments of particle deposition show that the floor deposition rates of polydisperse particles conforming to 
Rosin-Rammler formula are respectively greater than the wall and ceiling deposition rates at two different wind 
velocities. The floor deposition rates of polydisperse particles increase with the mean diameter increasing. The wall 
and ceiling deposition rates decrease with the mean diameter increasing. The experimental data and real deposition 
show the deposition amount of polydisperse particles to the ceiling, the wall and floor at smaller axial wind velocity 
3.4 m/s are all slightly greater than that at larger axial wind velocity 8.1m/s. Size distribution, experimental factor 
and mean diameter may play the key role in polydisperse particle deposition. At larger axial wind velocity 8.1m/s, 
there is a difference between experiment data and the Lagrangian simulation results.  
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